The graph-theoretical S-tree technique developed for the study of the nonlinear Nbody systems, is used for the study for the first time of the substructure of a high redshift cluster of galaxies, namely of MS 1054-03, z ≃ 0.8. Nearby galaxy clusters studied via the same S-tree code reveal several clearly distinguished subgroups with significant bulk velocities. Therefore the study of distant clusters can enable to trace the evolution of their dynamics over cosmological time scales. The study of the MS 1054-03 showed a different structure, i.e. no evidence of merging subgroups but only of a core of galaxies with velocity dispersion about 700 km · s −1 while the velocity dispersion of the main cluster 1870 km · s −1 . Further study of samples of high redshift clusters will enable to conclude whether this discrepancy in the structure and dynamics between nearby and distant galaxy clusters is a genuine evolutionary effect.
Introduction
Fermi-Pasta-Ulam problem has essentially influenced the study of nonlinear Nbody systems. Gravitating N-body systems, on one hand, are among systems with complicated properties, on the other hand, globular clusters, galaxies and galaxy clusters are providing possibility to trace observationally many of the obtained conclusions on their dynamics and structure. Particularly, clusters of galaxies which occasionally reveal subgrouping of galaxies in projection, pose the problem of the reconstruction of their 3D-substructure and internal dynamics.
Recent observations supply enough information, including spectroscopical, on high redshift galaxy clusters and therefore provide means to inquire into the evolution of the subclustering properties. Below we report the study of the substructure of the cluster MS1054-03 of redshift 0.8. The analysis is performed by S-tree diagram technique developed for the study of correlations in many dimensional nonlinear systems, in this case of correlations between the parameters of particles of N-body system, by means of geometrical methods of theory of dynamical systems 1,2 .
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S-tree Graphs and Bounded Subsystems
Let us mention the main concepts of the S-tree method 3 . Consider a set of objects A which has to be split into sets. If B(A) is the set of all subsets, then the set of all pairs of subsets (M, N ) so that M contains N , will be
One can introduce a non-negative function P, the boundness function to describe the degree of the boundedness of
Various choices for the function P to correspond the correlation with respect the subgrouping are discussed in 3 , for example, the choice of the projected distances corresponds to the two-point correlation function. Theory of dynamical systems provides a detailed characteristic for N-dimensional systems, the two-dimensional curvature of the configurational space
where R µνλρ is the Riemann tensor, u λ is the velocity of geodesics of the phase space, λ = (a, i), a = 1, ..., N ; i = 1, 2, 3. The two dimensional curvature is a known tool also for the study of the instability of the many-dimensional systems 1 . Therefore its use enables to link the statistical, chaotic properties of the systems with the emergence of the substructures and their properties. The versions of S-tree used in the studies of clusters of galaxies are applying the two-dimensional curvature for the function P . S-tree technique is developed further in 4 . Another application of similar graph-theoretical methods is the possibility of comparison of the results of numerical simulations with observed large-scale galaxy distributions 5 .
Galaxy Associations
S-tree method has been applied to a number of cluster of galaxies, including Coma and Virgo 7,8 . Various subgroups of galaxies have been detected, with indications for their essential bulk motions. While studying the substructure of Abell clusters of ENACS 6 (European Nearby Abell Cluster Survey of ESO), this method enabled to reveal subgroups of galaxies, denoted as galaxy associations, with marked dynamical properties 7 . The studied sample of ENACS clusters with redshifts up to z ≃ 0.1, is shown to contain typically gurzadMazure: submitted to World Scientific on February 2, 2008 
2-3 subgroups with velocity dispersion around 100-200 km·s −1 with truncated Gaussian velocity distribution. The latter was interpreted as stripping of the subgroup while moving within the cluster. In the case of Coma cluster we had detected a subgroup which has practically dissolved within the main cluster, while another one with survived dynamical identity. Thus, the substructure of nearby clusters supports the view of merging of several subgroups, and hence, non-stationary processes ongoing within the clusters.
That remarkable conclusion had to indicate the primordial nature of the subgroups, galaxy associations, and their emergence with essential bulk velocities. Various consequences of these predictions can be checked via observations, namely, the different star forming properties of the galaxies of the associations and of the main cluster, non-identical properties of the spiral galaxies, of the populations of galactic and intracluster globular clusters. The latter effect has been studied in 9 for the subgroup 2 of the Coma cluster detected in 8 .
In which extent this picture can be accommodated within the cosmological evolution of the clusters? The answer to this question can be anticipated only via the study of high redshift galaxy clusters.
MS 1054-03 Substructure
The dataset 10 that we used for the galaxy cluster MS 1054-03, contained 73 galaxies with redshifts between z = 0.81320 − 0.84700 and stellar magnitudes in the range m B = 19.530 − 23.210. That dataset has been studied by the very same S-tree code used for the study of nearby clusters, i.e. we deal with identical procedures and computational requirements. The results of the analysis of the substructure of MS 1054-03 are given in Fig.1 of the redshift histograms of the galaxies and Table 1 . The main cluster according to Stree appeared to contain 68 galaxies (of 73 in the initial catalog), of velocity dispersion 1872 km · s −1 . The internal substructure of that system revealed only one main system of 35 galaxies (core-1), of velocity dispersion 775 km · s −1 . Its more strongly bounded core (core-2) contains 10 galaxies of velocity gurzadMazure: submitted to World Scientific on February 2, 2008 . Note, although while moving from core-1 to core-2 the number of galaxies decreases drastically, the velocity dispersion does not decrease much. This indicates that while a number of galaxies of lower mass (higher stellar magnitude) are absent in the catalog, nevertheless the main galaxies taken into account at the calculations reflect for the genuine dynamics of the core. The apparent non-Gaussian velocity distribution of the cluster galaxies might be either intrinsic or due to the non-completeness of the sample, or both. The core-2 of 10 galaxies is dominated by E and S0 types, namely, it contains 3 S0/a, S0, 2 E and E/S0 galaxies (Table 2) . Note, that z ≃ 0.5 clusters show increased fraction of spirals by a factor of 2-3, increase of fraction of ellipticals but decrease those of S0 galaxies 11 .
Thus, MS 1054-03 revealed a different dynamical substructure as compared with the nearby Abell clusters, containing a single bounded core rather than several subgroups as the latter ones. To understand whether the absence of merging subgroups is a trend of cosmological evolution will need further study of distant clusters.
